thought to be related to physiological traits, extinction selectivity across the end-Triassic and 23 Toarcian event has not been rigorously assessed previously, and the reasons for their demise 24 2 at the later and lesser Toarcian event, rather than at the earlier and greater end-Triassic crisis 25 remained unexplored. Using primarily the Paleobiology Database, we constructed diversity 26 curves, estimated taxonomic rates, and assessed the temporal changes in geographic 27 distribution of the two spire-bearing and two other orders in the Triassic-Jurassic interval.
28
After shared trends and similar origination rates in the post-Permian recovery leading to a 29 Late Triassic diversity maximum, the end-Triassic extinction was selective and preferentially 30 eliminated the spire-bearers. In contrast to the rebound of rhynchonellids and terebratulids, 
Introduction

46
Brachiopods were severely affected by the end-Permian mass extinction and after that 47 crisis they became subordinate in the shallow marine, level-bottom communities. In this 48 habitat the group was largely replaced by the bivalves (Gould and Calloway, 1980; Thayer, 49 1985; Walsh, 1996) , and brachiopods partially withdrew to the outer shelf environments or 50 bathyal refugia (Sandy, 1995; Vörös, 2005) . Five of the nine orders of articulate brachiopods 51 (Subphylum Rhynchonelliformea) became extinct at the end-Permian event, whereas only one 52 minor order (Thecideidina) originated afterwards in the Mesozoic (Curry and Brunton, 2007) . 53 The four surviving clades show a secondary peak of diversity in the Late Triassic but the 54 worldwide end-Triassic and Toarcian extinction events imposed severe contractions in their 55 taxic diversity (Hallam, 1990; 1996) . The post-Permian diversity history of the four articulate 56 brachiopod orders diverged significantly during and after these shared bottlenecks, a 57 phenomenon analyzed in detail in this study. at full length to the spiral brachidia, whereas the lophophore of the Rhynchonellida 75 (spirolophe) and the Terebratulida (plectolophe) are only proximally supported by the crura 76 and the loop, respectively (Fig. 1) . The Athyridida and Spiriferinida were the last spire-77 bearing brachiopods and their decline and Early Jurassic extinction has long been thought to 78 be related to the properties of the spiral brachidium, which supported a less flexible, therefore 79 less effective lophophore (Ager, 1987) . The inferred feeding mechanism of spire-bearing 80 brachiopods was widely discussed by several authors (Rudwick, 1970; Vogel, 1975) Burgess et al., 2015) . Although details of both events are still debated, LIP volcanism is 88 proposed to trigger similar environmental stressors and was suggested to be the common 89 ultimate causal agent for many major and minor extinction events (Courtillot and Renne, 90 2003; Bond and Wignall, 2014) . The chain of interlinked environmental changes include 91 short-term cooling followed by longer-term warming possibly culminating in super-92 greenhouse episodes (McElwain et al., 1999; Suan et al., 2010) , changes in ocean circulation 93 and development of widespread anoxia (Jenkyns, 2010) , and acidification of the ocean 94 (Greene et al., 2012; Hönisch et al., 2012) . Despite the similar causation and processes in 95 operation, the first-order end-Triassic and the second-order Toarcian extinction events are 96 clearly of different magnitude (Alroy, 2014) . Separated by ~19 m.y., the two consecutive 97 crises pose intriguing questions with respect to the extinction of spire-bearing brachiopods.
98
Their physiological traits and diversity histories, as well as similarities and differences of the has only minor influence on the origination pattern of brachiopods, it exerts significant 118 influence on the probability of survival during environmental crises related to heat stress 119 and/or anoxia; and (3) the disappearance of spire-bearing forms is at least partially attributable 120 to their muted recovery after the end-Triassic mass extinction. 
Data and methods
122
The Triassic and Early Jurassic brachiopod data coverage of PaleoDB has been assessed 123 and complemented by data entry from additional references to approach comprehensiveness. Similarly to the occurrence patterns described above, this is unlikely to be the result of 224 different preservation potential of spire-bearing and other forms. In the Triassic, characterized by high diversity, different adaptive morphotypes were 237 abundant in both spire-bearing orders (Fig. 11) . After the end-Triassic extinction and diversity 238 bottleneck, the alate (e.g., Dispiriferina) and cyrtiniform (e.g., Cisnerospira) morphotypes re-239 appeared besides the conservative biconvex shells among the Spiriferinida, and these three Morphological adaptation to various environments and substrates was manifold and 273 contributed to the evolutionary success of brachiopods in the Paleozoic. However, the 274 competition with bivalves was manifested in pre-emptive exclusion of brachiopods after each 275 mass extinction (e.g., the end-Permian and the end-Triassic) (Walsh, 1996) and increased 276 during the "Mesozoic marine revolution" (Vermeij, 1977) . This competition needs to be 277 considered as a factor in the slow and limited recovery of more specialized morphotypes of 278 spire-bearing brachiopods from the end-Triassic event, and their final early Toarcian demise.
279
The bivalves displaced mostly the infaunal and soft-bottom dwellers, i.e., the cyrtiniform, The end-Triassic and Toarcian bottlenecks in the taxic diversity of brachiopods 335 (Hallam, 1990; 1996) are mirrored by their spatial distribution ( Fig. 8 and Jurassic. This withdrawal of the "dead clades" to the western parts of the Tethys seems to 350 support the idea that this part of the Mesozoic ocean was the most important refuge, a "lost 351 Eden" for brachiopods (Vörös, 1993 (Vörös, , 2005 , probably due to the recoiling surface current 352 system in the westerly closed ocean basin configuration of the Tethys. proportion of surviving genera proportion of trials 0/6 1/6 2/6 3/6 4/6 5/6 6/6 actual proportion of surviving genera predicted probability of survival: 53 / 64 Figure   Fig 10. 
